A computer with a software package for physiological monitoring at the bedside has been set up, modified and used in a Department of Anaesthesia and Intensive Care over the last three and a half years. Many difficulties have been experienced in implementing a useful computer-based program for monitoring physiological data. The cost of further development to overcome these difficulties could not be justified, and demands for computer time to allow storage and analysis of other data was increasing. A decision was therefore made to eliminate the monitoring role of the computer, and it is now used for storage and analysis of administrative and clinical data from the Intensive Care Unit, Operating Theatres and Pain Management Unit.
extended to anaesthesia and the pain management unit.
Existing monitoring prior to computer installation
Data recording in the 12-bed intensive care unit prior to computer installation was based on manual charting by the nursing staff, of observations on a large daily worksheet which permitted rapid visual assessment of the interrelationship of vital signs, fluid balance, specialised respiratory and other observations, drug and other therapy. All medical, nursing and other orders were also entered on the worksheet. As these sheets were unacceptably large for medical records storage, duplicate, less frequent observations and orders were recorded on standard hospital forms.
Patients who required invasive cardiovascular monitoring had their lines connected to monitoring units with visual display and chart recording of arterial and pulmonary arterial pressures. At appropriate time intervals each measurement was then transferred manually to the worksheets. Laboratory results were transcribed onto a special flow sheet as they became available. 2 ). It was a system designed to allow simultaneous monitoring of up to 16 on-line parameters from each of four locations (Table 1) , as well as storing manually keyed-in data ( Table 2) . Bedside units used to collect the data consisted of Hewlett-Packard cardiovascular, respiratory and temperature modules, and a Centronics mass spectrometer. A video screen and hand-held keyboard at the bedside allowed manual data entry, and continuous display of vital signs (Figure 3 ) with the facility to recall primary and derived data in a variety of formats. On-line data was collected by a multichannel analog-to-digital converter. Standard parameters were sampled at 0.5 minute intervals and processed by a data sampling algorithm into 5, 10 or 15 minute data points. The software controlling the data acquisition system allowed for various data sampling and scaling parameters, thus permitting the integration of user-written programs or other standard packages such as indicator dilution cardiac output determination, where faster sampling rates were required. The standard 5600A peripherals provided user interfaces via specialised calculator-type keyboards, standard typewriter keyboards, and monochrome video displays. Data was accessed via multiple choice menus, and a system of paged displays. Immediate access to the most commonly used frames was possible via special purpose keys. The computer system was designed to store, analyse and present the data at the bedside and also generate printed reports. Identical monitoring facilities were available to one operating theatre, one bed in recovery room, and an animal laboratory. The 5600A system software was upgraded to Release 5, and work carried out did not have the benefit of subsequent software releases.
There were no personnel allocated exclusively to the project, part-time input being provided by a physician and a senior technical officer with electronic engineering and computer experience. Manual data input was by patient care nursing staff.
During 1978 the HP5600A software was reconfigured to make data entry and recall as compatible as possible with the manual system used in the unit. Training of medical and nursing staff in system operation was also undertaken.
During 1979 initial patient monitoring studies were carried out, and these revealed a number of deficiencies in both hardware and software. Due to financial constraints, these deficiencies could not be remedied until 1980, and since then further patient studies have been carried out. Whilst awaiting improvements in the patient monitoring facility, recording and analysis of administrative and clinical data from the intensive care unit, operating theatres and pain management unit to enable ready access to information of administrative and clinical value was commenced on the 21M X computer .4-6 Use of the patient monitoring and administrative data storage facilities are mutually exclusive but switching from one mode to the other takes only a few minutes. A review of past, present and proposed future use of the computer has been carried out.
RESULTS
The computer system, as installed and upgraded over three and a half years, was used to collect, store, analyse and present monitored data from patients in a way not previously available, including derived haemodynamic and fluid balance variables. The system was powerful and reliable, but there were a number of major problems with the use of the system: 1. Nursing staff time was increased because of time-consuming data entry routines. 2. Data presentation was inferior to the original worksheet kept by the nursing staff, since many pages or frames of data had to be accessed. 3. Measurement errors originating in the bedside monitors resulted in inherent inaccuracies in the computer recording of on-line data. 4. The cost involved in frequent software and hardware updates, service contracts, and staff time involved in system development was prohibitive, in the context of the results achieved, and current health budget allocations. In view of the foregoing, and the established usefulness of computer controlled statistical analysis,4-6 a decision was made not to proceed with futher development of physiological monitoring. The computer is now used principally for storage and analysis of statistical data relating to clinical management and workload in the intensive care unit, operating theatres and pain management unit. Limited use for bedside data entry is being re-evaluated.
DISCUSSION
The aim of computer-assisted monitoring of physiological patient data in the manner described was based on the premises that such usage of a computer may: (a) result in staff time savings; (b) increase patient safety; (c) improve patient care by presenting data previously not available; (d) be useful in teaching; and (e) have special applications in research. We have been unable to establish that any of these benefits have actually accrued. a) Staff time savings
Because data display was poor, and many visual display unit frames or printed pages were necessary to convey the same information to the observer as the worksheet in use prior to installation of the computer, this sheet was retained. Duplicate recording on sheets and computer keyboard therefore occupied more staff time. There is at least one study using a purpose built system, which showed nursing staff time savings in computer data input. 7 However, we found it difficult to eliminate traditional methods of recording of data and staff turnover meant an extensive ongoing training program. b) Increased patient safety 'Stand alone' beside recorders have adequate display and alarm facilities without requiring a computer to be used for this purpose. In addition, it is the policy of our unit to have one member of the nursing staff with each patient dependent on life support equipment at all times. c) Improved patient care Frequent analysis of multiple on-line variable, and frequent calculations of derived haemodynamic data resulted in much more information being available to the clinician. However, few critical alterations in therapy were made on the basis of derived parameters. The data sampling algorithm reduced most of the random artefact due to patient movement, but it could not remove systematic errors in the data which originated in the bedside monitoring equipment. 8 
d) Teaching
The simultaneous display of recorded and derived variables proved useful in demonstrating the pathophysiology of complex cases such as septicaemic shock. While calculation packages providing haemodynamic derived variables were useful in teaching, such calculations can readily be made on a desktop calculator. 9 e) Research
The system was used in a research project requiring extensive invasive cardiovascular and respiratory monitoring. Once again, artefact was a problem, and primary variables were' better monitored using a bedside chart recorder.
With regard to the 5600A system, hardware configurations are available which provide a great deal of flexibility in suiting the system to a particular user. Numerous peripheral devices are available, including a choice between several disc drives of varying capacities, specialised graphics peripherals and an expandable analog input system for on-line data. The hardware configuration is initially established at the time of ordering, but may be modified subsequently by a Systems Programmer and a Customer Engineer to include extra devices.
A series of configuration programs permit the Systems Programmer to con figure the total software package to suit the requirements of an individual hospital. Data sampling parameters, menus, tabular and graphics display formats, automatic program scheduling functions and printed report formats may all be readily modified. Facilities are provided to permit individual programmers to link their own programs into the overall structure.
Both hardware and software exhibit a high degree of reliability. With normal preventative maintenance and software update procedures, the 5600A copes well with this critical on-line application. In the event of an equipment or power failure, the software is designed to reinitialise itself and continue on where it left off, once the equipment is restored, the only loss of on-line data being that which occurred when the equipment was inoperative.
As with many computer systems, the user interfaces are unfriendly. To non-technical users, keyboards represent an unnatural and error-prone method of communication with the machine. Monochrome video displays have an inherent information density problem. If too much information is displayed on the screen it becomes difficult to read, and is prone to error in interpretation. Conversely, if the information density is kep low, readability is improved, but the information must be accessed in small amounts, spread over multiple screen pages.
In the area of data display, the 5600A was competing with a large worksheet which carried 24 hours of basic patient data, including orders, fluid balance and trend plots in multiple colours. Possibilities exist for the use of large screen coloured video displays, light pens and multicolour plotters in providing the computer with an adequate user interface.
Specific computer applications must be sought to solve specific problems. lO There is no such thing as a turnkey system of the type described in this paper. To obtain benefit from it would require dedication of considerable resources, both in terms of staff time and money for hardware and software development. We believe that smaller, cheaper microprocessor-based systems may prove to solve much of an intensive care computing requirement without the cumbersome problems Anaesthesia and Intensh'e Care, Vol. X, No. 3, August, 1982 of systems such as this one. In a report from a unit with extensive experience in the field, it was noted that clinical successes in computerbased patient monitoring have been confined primarily to those systems addressing welldefined problems that were sufficiently rigid in structure to employ a computer productively. 11 Successful introduction of an on-line computerised information system for intensive care patient management has recently been reported,12 as has the introduction of an elaborate computer-based Clinical Assessment Research and Education (CARE) system. 13 In an excellent review lO of computer-based patient monitoring, defined as continuous processing of patient data by electronic computing techniques for the purpose of assisting clinical personnel in the routine care of the ill, points made, and borne out by our own study, were: 1. The output from the system must provide, at the bedside, information which is relevant, accurate, reliable, accessible and familiar. 2. The output must be appropriate to local procedures, styles of clinical care, and personnel allocation. 3. Retrieval of information must be simple, even for occasional users. 4. Data input must be accurate and valid without disrupting patient-care routines. 5. The system will only work if it is introduced without staff opposition and if the users see that the system is of value to them. The strengths of computers are speed, accuracy, and reliability, as well as their ability to store and recall data, and carry out calculations. The weaknesses of computers are that their output is limited by the information they receive, and the program from which they operate.
In a critique of computers in clinical medicine in 1978,14 two important observations were made; that no one has yet demonstrated that computer-based patient monitoring systems have a statistically significant effect on morbidity, mortality, or any other measurement of clinical outcome, and that such systems do not necessarily lead to a net reduction in staff requirements.
Anyone contemplating purchase of a computer system of this type would be well service. The decision to choose an alternative role for our own machine was influenced by our inability to cope using the resources allocated. New releases of the system hardware became progressively more sophisticated and expensive until the upgrade path became impossible to take for both financial and technical reasons. We concluded that on-line aspects of our system did not contribute sufficiently to patient care to justify ongong costs, particularly in view of current constraints in health care budgets. By comparison, our development of statistical analysis of clinical and administrative data was relatively inexpensive and very useful. Acquisition of a powerful versatile graphics terminal (Hewlett Packard 2647A) in 1981 has permitted data presentation in a wide selection of graphical forms on hard copy. The system of data analysis initially used for the intensive care unit has now been applied to anaesthesia and the pain management unit, and has projected uses in several other areas of the department.
